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“Take home” message 
Patients at high risk of undiagnosed symptomatic COPD can be identified using 
electronic primary care health records.  
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Abstract 
Background 
COPD is greatly underdiagnosed worldwide and more efficient methods of case-finding are 
required. We developed and externally validated a risk score to identify undiagnosed COPD 
using primary care records. 
Methods  
Retrospective cohort analysis of a pragmatic cluster case finding RCT in the West Midlands, 
UK. Participants aged 40-79 years with no prior diagnosis of COPD received a postal or 
opportunistic screening questionnaire. Those reporting chronic respiratory symptoms were 
assessed with spirometry. COPD was defined as presence of relevant symptoms with a 
post-bronchodilator FEV1/FVC below the lower limit of normal. A risk score was developed 
using logistic regression with variables available from electronic health records (EHRs) for 
2398 participants who returned a postal questionnaire. This was externally validated among 
1097 participants who returned an opportunistic questionnaire to derive the c-statistic, and 
sensitivity and specificity of cut-points. 
Results 
A risk score containing age, smoking status, dyspnoea, prescriptions of salbutamol, and 
prescriptions of antibiotics discriminated between patients with and without undiagnosed 
COPD (c-statistic 0.74 [95% CI 0.68 to 0.80]). A cut-point of ≥7.5% predicted risk had a 
sensitivity of 68.8% (95% CI 57.3 to 78.9%) and a specificity of 68.8% (95% CI 65.8.1 to 
71.6%).  
Conclusions 
A novel risk score using routine data from primary care EHRs can identify patients at high 
risk for undiagnosed symptomatic COPD. This score could be integrated with clinical 
information systems to help primary care clinicians target patients for case finding.  
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Introduction 
Chronic obstructive pulmonary disease (COPD) is the third leading cause of mortality 
worldwide[1] but 50-90% of the disease burden remains undiagnosed. Patients with 
undiagnosed COPD have been shown to have significant morbidity and burden to health 
services from exacerbations many years prior to their diagnosis, therefore contributing to a 
large drive worldwide to improve early diagnosis.[2, 3] While mass screening with spirometry 
among asymptomatic individuals is not recommended,[4] earlier identification of patients with 
clinically significant but unreported symptoms (case-finding) could improve access to care 
and prevent disease progression.[5]  
A systematic approach to case finding using an initial screening questionnaire mailed to ever 
smokers (current and former smokers), followed by invitation to spirometry amongst those 
reporting relevant symptoms was recently evaluated in primary care. [6, 7] This proved to be 
twice as effective and was more cost-effective than opportunistic case finding, and identified 
a substantial proportion of patients with potential to benefit from effective interventions. 
However, this method targeted a broad population (all ever-smokers aged 40-79 years) and 
was also reliant on patient response.[8] A more efficient approach is therefore needed. 
A number of risk scores have been proposed, including one developed by our team, to help 
identify patients at high risk of undiagnosed COPD using routine clinical records.[9-11] 
However, their case definition included patients with a new record of COPD diagnosed 
through usual care. Estimates in England suggest approximately two thirds of COPD cases 
are undiagnosed.[12-14] Given this extent, the characteristics of patients diagnosed through 
routine clinical care may differ from those detected through active case finding. Risk scores 
should therefore ideally be derived using case-found populations. 
We report the development and validation of a new clinical score for identifying patients at 
high risk of undiagnosed COPD in primary care using data from TargetCOPD, a large cluster 
randomised controlled case finding trial.[6, 7]  
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Methods 
This report has been written in accordance with the TRIPOD statement.[15] 
Study design 
This is a retrospective cohort analysis of the intervention (case-finding) arm of the 
TargetCOPD cluster RCT,[6] to develop and validate a risk score for identifying undiagnosed 
COPD. General practices in the TargetCOPD trial were randomised to either targeted case 
finding or routine care. Eligible participants were recruited from August 2012 to June 2014. 
Those in practices that were allocated to the case finding arm were individually randomised 
to either receive a screening questionnaire only when attending routine clinical appointments 
or to additionally receive a screening questionnaire by post. Participants reporting relevant 
respiratory symptoms (chronic cough or phlegm for three or more months of the year for two 
or more years, wheeze in the previous 12 months or dyspnoea of MRC grade 2 or higher) 
were offered a diagnostic assessment with post-bronchodilator spirometry. We used data 
from their primary care electronic health records (EHRs) and spirometry assessment to 
develop and validate a risk score for undiagnosed COPD.  
Population 
Participants were aged 40 to 79 years with no prior diagnosis of COPD (Table S1 provides 
clinical codes used for exclusion). Subjects were further excluded at the discretion of their 
GP, (e.g. terminal illness, recent bereavement, learning difficulties, or pregnancy). This 
analysis is restricted to a subset of participants from 13 of the participating 27 practices 
allocated to the case finding arm for whom data from their EHR were available.  
Setting 
The TargetCOPD trial was based in primary care practices in the West Midlands, UK.[6] 
Participating practices broadly reflected the diversity of the population in terms of age, 
ethnicity, socioeconomic status, and practice characteristics.  
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Outcome 
COPD was defined as the presence of at least one chronic respiratory symptom (as 
described above) together with airflow limitation measured by post-bronchodilator 
spirometry. Spirometry was performed to ATS/ERS standards [16] by trained research 
assistants using EasyOne spirometers (ndd Medical Technologies, Zurich) 20 minutes after 
the inhalation of 400mcg of salbutamol delivered through a metered dose inhaler and 
Volumatic spacer. Spirometers were calibrated on a daily basis and all research assistants 
underwent supervised training over a period of 3-6 months. All spirometry traces were 
reviewed by a lung function specialist. For this analysis airflow limitation was defined as a 
forced expiratory volume in one second to forced vital capacity ratio (FEV1/FVC) less than 
the lower limit of normal (<5th percentile) adjusted for age, sex, height, and ethnic group 
using the Global Lung Initiative 2012 equations which provide the most recent and most 
representative global estimates.[17] This conservative definition of airflow limitation is less 
likely to over-diagnose COPD in older patients compared to using a fixed ratio definition.[18] 
Data extraction 
Data (clinical codes) (Table S2) were extracted from EHRs based on predictors identified as 
potentially important in our previous analysis,[10] including demographic characteristics, 
smoking status, respiratory symptoms, comorbidities, lower respiratory tract infections 
(LRTIs), respiratory medication prescriptions, and selected antibiotic use indicated for the 
treatment of LRTIs. Data from residential postcodes were used to estimate socioeconomic 
status using the Index of Multiple Deprivation (IMD).[19] All data were stored on an 
encrypted database. 
Sample size 
Subjects with missing outcome (COPD) status (predominantly those invited but did not 
attend a spirometry assessment) were excluded from the analysis (n=755). Data from 2398 
subjects who returned a postal questionnaire were used for model development 
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(development sample) and from 1097 subjects from the same set of practices who returned 
an opportunistic questionnaire for external validation (external validation sample) (Figure 1). 
This non-random splitting of the data ensured the developed risk score could be validated in 
new data from a different part of the intended population.[20] 7.9% of all subjects were newly 
diagnosed with COPD through the trial (198 in the development and 77 in the external 
validation samples). At least 10 outcome events are recommended per candidate predictor 
considered for inclusion in a logistic regression model.[21] There was therefore sufficient 
power to consider up to 19 candidate predictors in the developed model.   
Model development 
The model was developed using multivariable logistic regression considering the following 
candidate predictors for inclusion: age, sex, most recent smoking status, history of asthma, 
and LRTIs, complaints of cough, dyspnoea, wheeze, and sputum, and prescriptions of 
salbutamol, prednisolone, and antibiotics, within the previous three years. Since there were 
very little (<1%) missing data for these candidate predictors, a complete-case analysis was 
performed.[22] We tested for interactions with a particular focus on age, sex, and smoking 
status. The best-fitting terms for continuous variables were determined using fractional 
polynomial regression.[23] Predictors not statistically significant at the p<0.05 level were 
removed from the model (although age and smoking status were forced in because of their 
known clinical importance). The fit of the reduced model was then compared to the full 
model using a likelihood ratio test. 
To improve the calibration of the model predictions and adjust for over-fitting, the model’s 
calibration slope coefficient was estimated in 1000 bootstrap samples to determine the 
shrinkage factor (the average calibration slope). This was multiplied against predictor 
coefficients in the developed model to produce the final model equation.[24]  
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Internal validation performance 
The sensitivity and specificity of the predicted probabilities from the final risk score were 
plotted on a receiver operator characteristic (ROC) curve to examine the discrimination 
performance. The risk score was internally validated using bootstrap resampling (with 1000 
replications) to estimate the c-statistic (area under the ROC curve) corrected for over-
fitting.[25] Calibration was assessed by grouping subjects into deciles of predicted risk and 
comparing the observed with the expected number diagnosed with COPD.  
External validation performance 
The c-statistic and calibration of the final risk score were then assessed in the external 
validation sample. As a comparator, we also assessed the discrimination performance of our 
previously developed clinical score [10] in the external validation sample. This model 
included smoking status, history of asthma, lower respiratory tract infections and 
prescriptions of salbutamol as predictors of undiagnosed COPD.  
Sensitivity analysis 
The final risk score was additionally validated in the external validation sample using a case 
definition that also included the presence of at least one chronic respiratory symptom but 
required an alternative definition of airflow obstruction commonly used in clinical practice (an 
FEV1/FVC below 0.7).[26] 
Preparing the risk score for clinical practice 
To prepare the risk score for use as a screening tool, we evaluated cut-points for 
dichotomising the predicted probabilities into low and high risk. The sensitivity and specificity 
were calculated in the external validation sample across a range of cut-points, alongside the 
positive and negative predictive values, likelihood ratios, and number of diagnostic 
assessments needed to identify one individual with undiagnosed COPD. All analyses were 
performed using Stata version 13.1 (StataCorp, Texas). 
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Ethical approval 
Ethical approval for the TargetCOPD trial was received from the Solihull Ethics Committee 
(IRAS, reference 11/WM/0403). 
  
9 
 
Results 
Practice characteristics 
Practice size varied with the majority having a list size below 10,000 (Table S3). Most 
practices served populations in socioeconomically deprived areas with a diverse range of 
ethnicities. The mean prevalence of diagnosed COPD prior to the trial was 1.3% (range 0.8 
to 2.9%). 
Development sample: population characteristics 
The development sample included 2,398 individuals, of whom 198 (8.3%) were diagnosed 
with COPD during the study (Figure 1). The mean age was 59.6 years, 51.6% were male 
and the majority (85.0%) were of white ethnicity. The majority (77.7%) of newly diagnosed 
COPD was mild (FEV1 ≥80% predicted), with 21.1% moderate (FEV1 50-79%), 1.0% severe 
(FEV1 30-49%), and 0.2% very severe (FEV1 <30%).  
Based on data extracted from EHRs (Table 1), current smoking was significantly more 
common among participants with COPD than those without (32.8% versus 14.1%, 
respectively). There was also a higher prevalence of asthma and a slightly higher prevalence 
of anxiety and depression among those with COPD. However the prevalence of other 
chronic conditions was similar in both groups. Documented cough, dyspnoea, sputum 
production, LRTIs, and respiratory prescriptions were all also more common among 
individuals with COPD.  
Individuals with unknown COPD-status (predominantly those who did not attend an 
assessment) differed from those in the development sample across a number of 
demographic characteristics (Table S4) - they were generally younger (mean age 55.8 years 
versus 59.6, respectively), and a higher proportion were female (52.5% versus 48.4%) and 
current smokers (33.5% versus 15.8%).  
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Model results 
Complete data for candidate predictors were available for 2380 patients (99.2%) in the 
development sample (Table 2). The final model of EHR-recorded factors included smoking 
status, age, dyspnoea, prescriptions of salbutamol, and prescriptions of antibiotics (Table 3). 
Age was included as two fractional polynomial terms since it was not linear in the logit scale. 
The final model fitted as well as the full model (likelihood ratio test p=0.185) and no 
significant interactions were found. The final model equation was:  
Predicted probability of undiagnosed COPD= ex/(1+ex)  
Where x= (1.43 x 10-4 x age3) – (3.18 x 10-5 x ln[age]) + (0.51 x ex-smoker [Y/N]) + (1.60 x 
current smoker [Y/N]) + (0.72 x dyspnoea [Y/N]) + (0.045 x no. of salbutamol prescriptions) + 
(0.99 x salbutamol prescriptions [Y/N]) + (0.47 x antibiotic prescriptions [Y/N]) - 6.16  
Y=Yes (value=1), N=No (value=0) 
Internal validation 
When applied to the development sample the apparent c-statistic was 0.76 (95% CI 0.73 to 
0.80), and was 0.76 (95% 0.72 to 0.79) after correcting for over-fitting using bootstrapping. 
Although smoking status and age were the most important predictors in the risk score, 
restricting it to just these variables reduced the c-statistic to 0.65 (95% CI 0.60 to 0.69).  
External validation sample: population characteristics 
Among 1097 subjects in the external validation population, 77 (7.0%) were newly diagnosed 
with COPD (Table S5). The mean age was 60.1 years and 51.6% were male, similar to the 
development sample. Again, a significantly greater proportion of subjects with COPD were 
current smokers (31.2% versus 17.1%, respectively). However, participants in the external 
validation sample had a slightly higher socioeconomic status. 1083 subjects (98.7%) had 
complete data on all candidate predictors and were included in the external validation. 
External validation: risk score performance  
The developed risk score demonstrated similar discrimination characteristics when applied 
to the external validation sample (c-statistic 0.74 [95% CI 0.68 to 0.80]; Figure 2) and 
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performed better than our previously developed clinical score [10] (c statistic 0.70 [95% CI 
0.64 to 0.76] in the external validation sample). The final risk score showed excellent 
calibration of observed to predicted COPD risk up to 10%, but slightly over-estimated the 
predicted risk from 10% to 30%, beyond which comparisons were unreliable due to small 
sample sizes (Table 4). When using the fixed ratio definition of airflow limitation 
(FEV1/FVC<0.7) the c-statistic for the final risk score remained at 0.74 (95% CI 0.70 to 0.78). 
Implementation in clinical practice 
Increasing the cut-point to define high risk reduces the number of assessments needed for 
each new diagnosis of COPD, although accompanied by a reduction in sensitivity (Table 5). 
The optimum cut-point should balance both sensitivity and specificity, taking into 
consideration costs and resource availability. At a cut-point of 7.5% (i.e. classing subjects 
with a predicted risk ≥7.5% as high risk), which would represent 33.9% of the target 
population, the risk score is estimated in the external validation sample to have a sensitivity 
of 68.8% (95% CI 57.3 to 78.9%), specificity of 68.8% (95% CI 65.8 to 71.6%), and would 
require seven patients (95% CI 6 to 10) to undergo a diagnostic assessment to identify one 
with COPD.  
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Discussion 
Principal findings 
We have developed and externally validated the TargetCOPD score from a large case 
finding trial in primary care [6, 7] to predict the risk of undiagnosed COPD using routine data 
from EHRs. The risk score incorporates five factors commonly recorded in health records- 
age, smoking status, presence of dyspnoea, prescriptions of salbutamol and antibiotics 
commonly prescribed for LRTIs. When externally validated, the risk score discriminated 
between patients with and without COPD and performed better than our previously 
developed score,[10] which relied on incident COPD from routine records rather than 
actively case-found patients. The risk score also performed similarly when using the fixed 
ratio definition of airflow limitation. In our newly developed risk score, a cut-point of ≥7.5% 
would expect to identify about 70% of patients with undiagnosed COPD, needing seven 
diagnostic assessments for each new diagnosis. Use of higher cut-points could reduce this 
number at the expense of reducing sensitivity 
Comparison with existing literature 
Several other risk scores have previously been developed for undiagnosed COPD although 
the TargetCOPD score is the only one to use case-found COPD patients (Table 6). As with 
other scores, our own previous risk score used newly diagnosed COPD patients, identified 
through routine care.[10] Its final predictors differed from the TargetCOPD score, including 
LRTIs and history of asthma but not history of dyspnoea or prescriptions of antibiotics as 
predictors. Furthermore, the TargetCOPD score overcomes an important limitation of our 
previous risk score, where we could not include the effect of age as it was a matching factor 
(although it is well established that risk of COPD rises with age).[27] A history of asthma and 
LRTIs did not remain statistically significant in the full multivariable model in the current 
analysis. However, prescriptions of salbutamol and antibiotics are closely associated with 
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asthma and LRTIs, respectively, and are possibly better documented in EHRs; therefore 
they may be reflecting similar clinical features. 
Kotz and colleagues also recently developed and internally validated a prediction model for 
COPD using routine longitudinal data from general practices in Scotland.[9] Their model 
included age, smoking status, history of asthma and also socioeconomic deprivation but only 
considered a limited range of risk factors and was not externally validated. Their model, like 
our previous clinical score, was developed on incident cases of COPD diagnosed through 
routine care, the disease status of which may have been misclassified because of 
underdiagnosis [2] and misdiagnosis.[28] Other risk scores have also been developed for 
COPD using routine primary and secondary healthcare data [29-31] but are unlikely to be 
applicable in primary care due to the predictors included, many of which are not routinely 
recorded solely in primary care records (Table 6).  
A number of other case finding tools have also been developed and evaluated including 
screening questionnaires and handheld flow meters.[32-34] However, these require 
additional resources and patient interactions, and are likely to be less efficient than the use 
of automated risk prediction scores.  
Strengths 
We investigated a range of risk factors and developed and validated our risk score on a 
population with no prior diagnosis of COPD that were actively case-found in a wide range of 
general practices. We employed a robust case definition which is likely to be representative 
of clinically significant, undiagnosed COPD, and confirmed with quality assured spirometry. 
The developed risk score was externally validated, increasing the likelihood of its validity in 
other primary care populations, although further external validation is needed on populations 
from a different location. The final risk score incorporates a small number of commonly 
recorded factors from electronic health records which should ensure its applicability in 
routine primary care in the UK and similar health systems. However it would be more 
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challenging to implement in health systems that use paper-based health records or where 
electronic records are less detailed. 
Limitations 
We used a smaller sample size than several other studies reporting the development of 
COPD risk scores from routine healthcare data.[9, 10, 29] Although the study was 
adequately powered for the number of risk factors considered for the model selection, a 
larger sample size would have enabled estimation of the parameters with greater precision. 
Ideally a larger sample size would have been used for external validation (simulation-based 
estimates suggest at least 100 outcome events are required [35]) and would have improved 
our ability to evaluate the score calibration.  
The case definition of COPD used in this study was the presence of relevant self-reported 
symptoms in addition to airflow limitation and patients who did not report symptoms were not 
assessed with spirometry. However patients may underreport symptoms and compensate 
for them by limiting their activities. This could have introduced misclassification bias. 
Furthermore only 25.7% of all eligible patients responded to the screening questionnaire, 
which could have introduced response bias, and may limit the generalisability of the score. 
However this response rate is similar to the average response rate to questionnaires seen in 
other case finding studies,[33] and because of the pragmatic nature of the trial is likely to 
represent patients who might respond to screening invitations in real clinical practice. 
Finally, the validity of our risk score among all potential subjects could not be determined 
because we were not able to include those with unknown COPD status, and their 
characteristics differed from those included in our analysis across a number of demographic 
characteristics. However, our risk score is applicable to populations of individuals that are 
likely to respond to questionnaire surveys and are willing to attend subsequent clinical 
assessment. 
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Implications for clinicians, policymakers and research 
The TargetCOPD score has been developed to help primary care services stratify patients 
according to their risk of undiagnosed COPD for targeted systematic case finding (Figure 
S1). The US Preventive Services Task Force recently recommended against screening for 
asymptomatic COPD on the basis that there was no evidence that it improves health-related 
quality of life, morbidity or mortality.[4] By contrast the TargetCOPD score has been 
developed from patients with symptomatic and spirometry-verified disease who are more 
likely to benefit from treatment.  
The score’s ability to estimate the probability of undiagnosed COPD could be used to risk 
stratify patients and could be used to help prioritise referral for diagnostic assessment, 
including spirometry, or for further screening (e.g. using handheld flow meters). GPs could 
decide on a cut-point which reflects the resources available to them for conducting high 
quality spirometry, balancing sensitivity and specificity. Since it relies entirely on routinely 
recorded data from EHRs, it could be integrated with clinical information systems by 
programming the model into these digital platforms. This would be applicable in countries 
with primary care clinical information systems similar to the UK such as in a number of 
Western European countries, Israel, US, New Zealand, Australia, and Canada.[36, 37] 
Finally, the TargetCOPD score should be externally validated in other primary care 
populations to better assess its generalizability, and its effectiveness in practice evaluated in 
RCTs, where the impact of using the risk score on patient outcomes can be evaluated as 
well as the associated costs.[38] This could include a cluster RCT comparing clinical 
outcomes (such as quality of life, hospitalisation, and mortality) in practices that use the risk 
score to actively case find patients with undiagnosed COPD, against practices that continue 
with alternative approaches to case finding and usual care. 
Conclusion 
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We have developed and externally validated the TargetCOPD score for assessing the risk of 
undiagnosed COPD among patients in primary care using routine data from electronic health 
records. This is the first risk score for COPD that has been derived from patients identified 
through systematic case finding and uses routine healthcare data readily available in many 
primary care settings. It could be used to help identify patients at high risk of COPD to 
provide appropriate clinical care, including earlier testing and treatment. The risk score 
should be externally validated in further populations and its impact on clinical care and 
outcomes evaluated in RCTs. 
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Table 1 Characteristics extracted from electronic health records (development sample) 
  COPD 
(n=198 [8.3%]) 
Non-COPD 
(n=2200 [91.7%]) 
Missing data 
  n (%) n (%) n (%) 
Age (years) Mean (SD) 60.8 (9.6) 59.5 (10.7) 7 (0.3) 
 40-49 30 (15.2) 528 (24.0)   
 50-59 54 (27.3) 621 (28.2)   
 60-69 74 (37.4) 595 (27.0)   
 70-79 40 (20.2) 456 (20.7)   
Sex Male 107 (54.0) 1,128 (51.3) 4 (0.2) 
Smoking status Never 37 (18.7) 744 (33.8) 11 (0.5) 
 Former 95 (48.0) 1,135 (51.6)   
 Current 65 (32.8) 311 (14.1)   
IMD score Median (IQR) 37.4 (19.8-41.3) 23.3 (19.8-41.3) 0 
(0.0) 
Comorbidities Asthma 10 (5.1) 29 (1.3) Unknown** 
 Ischaemic heart disease 11 (5.6) 146 (6.6)   
 Heart failure 3 (1.5) 20 (0.9)   
 Diabetes 17 (8.6) 192 (8.7)   
 Stroke 2 (1.0) 18 (0.8)   
 Tuberculosis 3 (1.5) 11 (0.5)   
 Osteoporosis 4 (2.0) 37 (1.7)   
 Depression/anxiety* 36 (18.2) 335 (15.2)   
 LRTIs* 41 (20.7) 233 (10.6)   
Symptoms* Cough 61 (30.8) 385 (17.5) Unknown** 
 Dyspnoea 23 (11.6) 78 (3.5)   
 Wheeze 30 (15.2) 362 (16.5)   
 Sputum 11 (5.6) 43 (2.0)   
 Unintended weight loss 2 (1.0) 9 (0.4)   
Prescriptions* Salbutamol 74 (37.4) 251 (11.4) Unknown** 
 Prednisolone 40 (20.2) 138 (6.3)   
 Antibiotics ǂ 116 (58.6) 783 (35.6)   
 IMD=Index of Multiple Deprivation (a measure of socioeconomic status based on participants’ 
residential postcodes- higher scores indicate higher levels of socioeconomic deprivation), 
IQR=interquartile range, LRTI=lower respiratory tract infection, SD=standard deviation 
*Recorded within previous three years of commencing case finding at the registered practice 
**It was unknown whether absence of a record of comorbidities, symptoms and prescriptions in 
electronic health records was due to true absence of those factors or due to under-recording. 
ǂ Antibiotics=amoxicillin, clarithromycin, co-amoxiclav, erythromycin, doxycycline, and cefalexin 
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Table 2 Candidate predictors evaluated in the multivariable logistic regression model 
  Unadjusted Adjusted 
  OR (95% CI) p OR (95% CI) p 
Age (years) 40-49 Reference category Reference category 
 50-59 1.53 (0.97, 2.43) 0.070 1.66 (1.02, 2.70) 0.043* 
 60-69 2.19 (1.41, 3.40) <0.001* 2.63 (1.64, 4.23) <0.001* 
 70-79 1.54 (0.95, 2.52) 0.082 1.72 (1.01, 2.93) 0.044* 
Sex Male 1.11 (0.83, 1.49) 0.471 1.04 (0.76, 1.43) 0.800 
Smoking status Never smoked Reference category Reference category 
 Ex-smoker 1.68 (1.14, 2.49) 0.009* 1.71 (1.13, 2.59) 0.012* 
 Current smoker 4.20 (2.75, 6.43) <0.001* 5.58 (3.50, 8.89) <0.001* 
Asthma (ever)  3.98 (1.91, 8.30) <0.001* 1.44 (0.62, 3.37) 0.400 
LRTIs** 2.20 (1.52, 3.19) <0.001* 1.00 (0.84, 1.19) 0.977 
Symptoms** Cough 2.10 (1.52, 2.89) <0.001* 1.00 (0.68, 1.47) 0.986 
 Dyspnoea 3.58 (2.19, 5.84) <0.001* 2.19 (1.27, 3.76) 0.005* 
 Wheeze 0.91 (0.61, 1.36) 0.635 1.14 (0.73, 1.76) 0.564 
 Sputum 2.95 (1.50, 5.82) 0.002* 1.55 (0.71, 3.37) 0.270 
Prescriptions** Salbutamol 4.63 (3.38, 6.36) <0.001* 3.05 (2.01, 4.62) <0.001* 
 Prednisolone 3.78 (2.57, 5.57) <0.001* 1.76 (1.09, 2.84) 0.020* 
 Antibiotics ǂ 2.56 (1.90, 3.44) <0.001* 1.52 (1.06, 2.18) 0.023* 
Based on data extracted from electronic health records for 2380 subjects in the development sample. 
Candidate predictors are presented as binary variables unless specified otherwise. 
LRTI=lower respiratory tract infection, OR=odds ratio 
*Statistically significant at the p<0.05 level 
**Recorded within previous 3 years 
ǂ Antibiotics=amoxicillin, clarithromycin, co-amoxiclav, erythromycin, doxycycline, and cefalexin 
 
Table 3 Final risk score 
Predictor β* (95% CI) p 
Age
3
 1.43 x 10
-4 
(6.11 x 10
-5
, 2.26 x 10
-4
) 0.001 
Age
3
 x ln[age] -3.18 x 10
-5 
(-5.02 x 10
-5
, -1.34 x 10
-5
) 0.001 
Ex-smoker 0.51 (0.10, 0.91) 0.015 
Current smoker 1.60 (1.14, 2.05) <0.001 
Dyspnoea** 0.72 (0.18, 1.26) 0.010 
Number of salbutamol prescriptions** 0.045 (0.015, 0.075) 0.003 
≥1 salbutamol prescription** 0.99 (0.56, 1.42) <0.001 
≥1 antibiotic prescription** 0.47 (0.13, 0.80) 0.007 
Constant -6.16 (-7.63, -4.70) <0.001 
*Regression coefficient 
**Recorded within the previous three years 
Predicted probability of undiagnosed COPD= e
x
/(1+e
x
)  
Where x= (1.43 x 10
-4
 x age
3
) – (3.18 x 10
-5
 x ln[age]) + (0.51 x ex-smoker [Y/N]) + (1.60 x current 
smoker [Y/N]) + (0.72 x dyspnoea [Y/N]) + (0.045 x no. of salbutamol prescriptions) + (0.99 x 
salbutamol prescriptions [Y/N]) + (0.47 x antibiotic prescriptions [Y/N]) -6.16  
(NB. The shrinkage factor was 1, which indicates that there was no evidence of over-fitting in the final 
model.) 
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Table 4 Model calibration 
 Development sample 
(n=2380) 
External validation sample 
(n=1083) 
Predicted 
Risk (%) 
COPD Non- 
COPD 
Observed risk  
(%, 95% CI) 
COPD Non- 
COPD 
Observed risk  
(%, 95% CI) 
0-9 84 1,781 4.5 (3.6, 5.5) 35 780 4.3 (3.0, 5.9) 
10-19 53 271 16.4 (12.5, 20.8) 20 158 11.2 (7.0, 16.8) 
20-29 33 89 27.0 (19.4, 35.8) 11 51 17.7 (9.2, 29.5) 
30-39 11 17 39.3 (21.5, 59.4) 6 9 40.0 (16.3, 67.7) 
40-49 8 15 34.8 (34.9, 90.1) 3 4 42.9 (9.9, 81.6) 
50-59 4 6 40.0 (12.2, 73.8) 0 2 0 (0, 84.2) 
60-69 1 3 25.0 (0.6, 80.6) 0 0 0 - 
70-79 2 0 100 (15.8, 100) 1 2 33.3 (0.8, 90.6) 
80-89 1 0 100 (2.5, 100) 0 0 0 - 
90-100 0 1 0.0 (0, 97.5) 1 0 100.0 (2.5, 100) 
Total 197 2183 8.3 (7.2, 9.5) 77 1006 7.1 (5.7, 8.8) 
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Table 5 Diagnostic accuracy of the model in the external validation sample (n=1083) 
Cut-point 
(%) 
% patients  
at/above  
cut-point* 
Sensitivity  
(95% CI) 
Specificity 
(95% CI) 
Correctly  
Classified (%) 
LR+ 
(95% CI) 
LR- 
(95% CI) 
PPV 
(95% CI) 
NPV 
(95% CI) 
NND 
(95% CI) 
≥2.5 88.2 97.4  
(90.9, 99.7) 
12.5  
(10.5, 14.7) 
18.6 1.11 
(1.07, 1.16) 
0.21 
(0.05, 0.82) 
7.9 
(6.2, 9.8) 
98.4 
(94.5, 99.8) 
13 
(11, 17) 
≥5.0 53.7 80.5  
(69.9, 88.7) 
48.4  
(45.3, 51.5) ) 
50.7 1.56 
(1.38, 1.77) 
0.40 
(0.25, 0.64) 
10.7 
(8.3, 13.5) 
97.0 
(95.1, 98.3) 
10 
(8, 13) 
≥7.5 33.9 68.8  
(57.3, 78.9) 
68.8  
(65.8, 71.6) 
68.8 2.21 
(1.85, 2.63) 
0.45 
(0.32, 0.63) 
14.4 
(11.0, 18.5) 
96.6 
(95.1, 97.8) 
7 
(6, 10) 
≥10.0 24.8 54.5  
(42.8, 65.9) 
77.5  
(74.8, 80.1) 
75.9 2.43 
(1.92, 3.07) 
0.59 
(0.46, 0.75) 
15.7 
(11.5, 20.6) 
95.7 
(94.1, 97.0) 
7 
(5, 9) 
≥12.5 19.8 46.8  
(35.3, 58.5) 
82.3  
(79.8, 84.6) 
79.8 2.64 
(2.01, 3.47) 
0.65 
(0.52, 0.80) 
16.8 
(12.1, 22.5) 
95.3 
(93.7, 96.6) 
6 
(5, 9) 
≥15.0 15.0 41.6  
(30.4, 53.4) 
87.0  
(84.7, 89.0) 
83.8 3.19 
(2.34, 4.35) 
0.67 
(0.56, 0.81) 
19.6 
(13.8, 26.6) 
95.1 
(93.5, 96.4) 
6 
(4, 8) 
≥17.5 9.9 33.8  
(23.4, 45.4) 
91.9  
(90.0, 93.5) 
87.7 4.14 
(2.85, 6.03) 
0.72 
(0.61, 0.85) 
24.1 
(16.4, 33.3) 
94.8 
(93.2, 96.1) 
5 
(3, 7) 
≥20.0 8.3 28.6  
(18.8, 40.0) 
93.2  
(91.5, 94.7) 
88.6 4.23 
(2.77, 6.44) 
0.77 
(0.66, 0.88) 
24.4 
(16.0, 34.6) 
94.5 
(92.9, 95.8) 
5 
(3, 6) 
≥22.5 5.9 20.8  
(12.4, 31.5) 
95.2  
(93.7, 96.5) 
89.9 4.36 
(2.60, 7.30) 
0.83 
(0.74, 0.93) 
25.0 
(15.0, 37.4) 
94.0 
(92.4, 95.4) 
4 
(3, 7) 
≥25.0 3.7 14.3  
(7.4, 24.1) 
97.1  
(95.9, 98.1) 
91.2 4.96 
(2.58, 9.53) 
0.88 
(0.81, 0.97) 
27.5 
(14.6, 43.9) 
93.7 
(92.0, 95.1) 
4 
(3, 7) 
≥30.0 2.6 14.3  
(7.4, 24.1) 
98.3  
(97.3, 99.0) 
92.3 8.45 
(4.11, 17.4) 
0.87 
(0.80, 0.96) 
39.3 
(21.5, 59.4) 
93.7 
(92.1, 95.1) 
3 
(2, 5) 
≥35.0 1.9 10.4  
(4.6, 19.4) 
98.8  
(97.9, 99.4) 
92.5 8.71 
(3.67, 20.7) 
0.91 
(0.84, 0.98) 
40.0 
(19.1, 63.9) 
93.5 
(91.9, 94.9) 
3 
(2, 6) 
≥40.0 1.2 6.5  
(2.1, 14.5) 
99.2 
 (98.4, 99.7) 
92.6 8.17 
(2.74, 24.4) 
0.94 
(0.89, 1.00) 
38.5 
(13.9, 68.4) 
93.3 
(91.6, 94.7) 
3 
(2, 8) 
≥45.0 0.8 2.6  
(0.3, 9.1) 
99.3  
(98.6, 99.7) 
92.4 3.73 
(0.79, 17.7) 
0.98 
(0.95, 1.02) 
22.2 
(2.8, 60.0) 
93.0 
(91.3, 94.5) 
5 
(2, 36) 
≥50.0 0.6 2.6  
(0.3, 9.1) 
99.6  
(99.0, 99.9) 
92.7 6.53 
(1.22, 35.1) 
0.98 
(0.94, 1.01) 
33.3 
(4.3, 77.7) 
93.0 
(91.3, 94.5) 
3 
(2, 23) 
LR=likelihood ratio, PPV=positive predictive value, NPV=negative predictive value, NND=number of diagnostic assessments needed per case detected 
*% of subjects with a predicted risk score at or above the cut-point. 
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Table 6 Comparison of existing risk prediction models for COPD 
Model/clinical 
score 
Development Validation Predictors c-statistic 
(95% CI) 
Strengths Limitations 
TargetCOPD* Retrospective cohort analysis 
of a case finding cluster RCT 
& routine data from 13 general 
practices 
Internal and external 
validation using data 
from subjects who 
completed a screening 
questionnaire and 
performed spirometry 
Age 
Smoking 
Dyspnoea 
Salbutamol 
Antibiotics 
External 
0.74 
(0.68-0.80) 
Developed and validated on subjects 
with previously undiagnosed COPD 
confirmed by quality controlled 
spirometry. 
Can be integrated with clinical 
information systems.  
Good discrimination performance. 
Dependent on quality of clinical coding  
Haroon 
2014[10]* 
Case control study using 
routine data from 360 general 
practices. 
Internal and external 
validation using routine 
data 
Smoking 
Salbutamol 
Asthma 
LRTIs 
External 
0.85  
(0.83-0.86) in 
original study 
0.70 
(0.64-0.76) in 
current study 
Developed on large sample size. 
Can be integrated with clinical 
information systems.  
High discrimination performance. 
Considered wide range of risk factors. 
Predicts physician-diagnosed COPD.ǂ 
Excluded age and sex as predictors. 
Dependent on quality of clinical coding  
Kotz 2014[9]* Retrospective cohort study 
using routine data from 239 
general practices. 
Internal validation using 
routine data 
Age 
Smoking 
SES 
Asthma 
Internal 
0.85  
(0.84-0.85)  
in males 
0.83  
(0.83-0.84)  
in females 
Developed on large sample size. 
Can be integrated with clinical 
information systems.  
High discrimination performance. 
Estimates 10 year risk of incident 
COPD. 
Predicts physician-diagnosed COPD. ǂ 
Limited range of risk factors explored. 
Includes a UK-specific index of 
socioeconomic deprivation (limiting 
applicability to other health systems). 
Dependent on quality of clinical coding 
Smidth 
2012[31] 
Cross-sectional analysis of 
routine data from seven 
general practices, secondary 
care registers and an RCT. 
Internal and external 
validation using routine 
data and data from an 
RCT 
Chronic lung 
disease 
Respiratory 
medication 
Previous 
spirometry 
Not reported High positive predictive value. Predicts physician-diagnosed COPD. ǂ 
Requires prior diagnosis of chronic lung 
disease. 
Requires data linkage between primary 
and secondary care. 
Difficult to administer. 
Mapel 
2010[30] 
Case control study using 
routine data from four 
hospitals and 18 general 
practices. 
Internal and external 
validation using routine 
data 
Antibiotics 
Respiratory & 
cardiovascular 
medications 
Not reported Only used data on medication 
prescriptions, which are likely to be 
well recorded. 
Developed on large sample size. 
Predicts physician-diagnosed COPD. ǂ 
 
Mapel 
2006[29] 
Case control study using 
routine data from secondary 
care 
Internal and external 
validation using routine 
data 
19 healthcare 
utilization 
characteristics 
including cor 
pulmonale 
and asthma 
Not reported Developed on large sample size. 
Can be integrated with clinical 
information systems. 
 
Predicts physician-diagnosed COPD. ǂ 
Model includes large number of 
predictors. 
Includes predictors unlikely to be routinely 
recorded in primary care. 
Excluded smoking status as a predictor. 
* Likely to be readily applicable in primary care. ǂ Potential misclassification of disease (COPD) status during model development and validation.  
LRTI= lower respiratory tract infection, SES= socioeconomic status 
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Figure 1 Participant selection 
 
Figure 2 Receiver operator characteristic curve for the TargetCOPD score in the external 
validation sample (c-statistic 0.74 [95% CI 0.68 to 0.80]) 
 
 
  
24 
 
References 
1. Lozano R, Naghavi M, Foreman K, Lim S, Shibuya K, Aboyans V, Abraham J, Adair T, Aggarwal 
R, Ahn SY, Alvarado M, Anderson HR, Anderson LM, Andrews KG, Atkinson C, Baddour LM, Barker-
Collo S, Bartels DH, Bell ML, Benjamin EJ, Bennett D, Bhalla K, Bikbov B, Bin Abdulhak A, Birbeck G, 
Blyth F, Bolliger I, Boufous SA, Bucello C, Burch M, Burney P, Carapetis J, Chen HL, Chou D, Chugh SS, 
Coffeng LE, Colan SD, Colquhoun S, Colson KE, Condon J, Connor MD, Cooper LT, Corriere M, 
Cortinovis M, de Vaccaro KC, Couser W, Cowie BC, Criqui MH, Cross M, Dabhadkar KC, Dahodwala N, 
De Leo D, Degenhardt L, Delossantos A, Denenberg J, Des Jarlais DC, Dharmaratne SD, Dorsey ER, 
Driscoll T, Duber H, Ebel B, Erwin PJ, Espindola P, Ezzati M, Feigin V, Flaxman AD, Forouzanfar MH, 
Fowkes FGR, Franklin R, Fransen M, Freeman MK, Gabriel SE, Gakidou E, Gaspari F, Gillum RF, 
Gonzalez-Medina D, Halasa YA, Haring D, Harrison JE, Havmoeller R, Hay RJ, Hoen B, Hotez PJ, Hoy D, 
Jacobsen KH, James SL, Jasrasaria R, Jayaraman S, Johns N, Karthikeyan G, Kassebaum N, Keren A, 
Khoo JP, Knowlton LM, Kobusingye O, Koranteng A, Krishnamurthi R, Lipnick M, Lipshultz SE, Ohno 
SL, Mabweijano J, MacIntyre MF, Mallinger L, March L, Marks GB, Marks R, Matsumori A, 
Matzopoulos R, Mayosi BM, McAnulty JH, McDermott MM, McGrath J, Mensah GA, Merriman TR, 
Michaud C, Miller M, Miller TR, Mock C, Mocumbi AO, Mokdad AA, Moran A, Mulholland K, Nair MN, 
Naldi L, Narayan KMV, Nasseri K, Norman P, O'Donnell M, Omer SB, Ortblad K, Osborne R, Ozgediz D, 
Pahari B, Pandian JD, Rivero AP, Padilla RP, Perez-Ruiz F, Perico N, Phillips D, Pierce K, Pope CA, 
Porrini E, Pourmalek F, Raju M, Ranganathan D, Rehm JT, Rein DB, Remuzzi G, Rivara FP, Roberts T, 
De Leon FR, Rosenfeld LC, Rushton L, Sacco RL, Salomon JA, Sampson U, Sanman E, Schwebel DC, 
Segui-Gomez M, Shepard DS, Singh D, Singleton J, Sliwa K, Smith E, Steer A, Taylor JA, Thomas B, 
Tleyjeh IM, Towbin JA, Truelsen T, Undurraga EA, Venketasubramanian N, Vijayakumar L, Vos T, 
Wagner GR, Wang MR, Wang WZ, Watt K, Weinstock MA, Weintraub R, Wilkinson JD, Woolf AD, 
Wulf S, Yeh PH, Yip P, Zabetian A, Zheng ZJ, Lopez AD, Murray CJL. Global and regional mortality 
from 235 causes of death for 20 age groups in 1990 and 2010: a systematic analysis for the Global 
Burden of Disease Study 2010. Lancet 2012: 380(9859): 2095-2128. 
2. Soriano J, Zielinski J, Price D. Screening for and early detection of chronic obstructive 
pulmonary disease. Lancet 2009: 374(9691): 721 - 732. 
3. Lamprecht B, Soriano JB, Studnicka M, Kaiser B, Vanfleteren LE, Gnatiuc L, Burney P, 
Miravitlles M, Garcia-Rio F, Akbari K, Ancochea J, Menezes AM, Perez-Padilla R, Montes de Oca M, 
Torres-Duque CA, Caballero A, Gonzalez-Garcia M, Buist S, Bold Collaborative Research Group 
tEPISTtPT, the PSG, Team BCRGtE-STtP, the PSG. Determinants of underdiagnosis of COPD in 
national and international surveys. Chest 2015: 148(4): 971-985. 
4. Force USPST, Siu AL, Bibbins-Domingo K, Grossman DC, Davidson KW, Epling JW, Jr., Garcia 
FA, Gillman M, Kemper AR, Krist AH, Kurth AE, Landefeld CS, Mangione CM, Harper DM, Phillips WR, 
Phipps MG, Pignone MP. Screening for Chronic Obstructive Pulmonary Disease: US Preventive 
Services Task Force Recommendation Statement. JAMA 2016: 315(13): 1372-1377. 
5. Bakke PS, Ronmark E, Eagan T, Pistelli F, Annesi-Maesano I, Maly M, Meren M, Vermeire P, 
Vestbo J, Viegi G, Zielinski J, Lundback B. Recommendations for epidemiological studies on COPD. 
European Respiratory Journal 2011: 38(6): 1261-1277. 
6. Jordan R, Adab P, Jowett S, Marsh J, Riley R, Enocson A, Miller M, Cooper B, Turner A, Ayres 
J, Cheng K, Jolly K, Stockley R, Greenfield S, Siebert S, Daley A, Fitzmaurice D. TargetCOPD: a 
pragmatic randomised controlled trial of targeted case finding for COPD versus routine practice in 
primary care: protocol. BMC Pulmonary Medicine 2014: 14(1): 157. 
7. Jordan RE, Adab P, Sitch A, Enocson A, Blissett D, Jowett S, Marsh J, Riley R, Miller MR, 
Cooper BG, Turner A, Jolly K, Ayres JG, Haroon S, Stockley R, Greenfield S, Siebert S, Daley A, Cheng 
KK, Fitzmaurice D. Targeted case finding for chronic obstructive pulmonary disease versus routine 
practice in primary care (TargetCOPD): a cluster-randomised controlled trial. The Lancet Respiratory 
Medicine 2016. 
25 
 
8. Jordan RE, Lam KB, Cheng KK, Miller MR, Marsh JL, Ayres JG, Fitzmaurice D, Adab P. Case 
finding for chronic obstructive pulmonary disease: a model for optimising a targeted approach. 
Thorax 2010: 65(6): 492-498. 
9. Kotz D, Simpson CR, Viechtbauer W, van Schayck OC, Sheikh A. Development and validation 
of a model to predict the 10-year risk of general practitioner-recorded COPD. NPJ primary care 
respiratory medicine 2014: 24: 14011. 
10. Haroon S, Adab P, Riley RD, Marshall T, Lancashire R, Jordan RE. Predicting risk of COPD in 
primary care: development and validation of a clinical risk score. BMJ Open Respiratory Research 
2015: 2(1). 
11. Mapel D, Frost F, Hurly J, Petersen H, Roberts M, Marton J, Shah H. An algorithm for the 
identification of undiagnsoed COPD cases using administrative claims data. J Manag Care Pharm 
2006: 12(6): 458 - 465. 
12. Quality and Outcomes Framework- 2011-12, England level: Clinical domain, chronic 
obstructive pulmonary disease data tables.  2013  [cited 2013 29/10/2013]; Available from: 
http://www.hscic.gov.uk/searchcatalogue?productid=9548&q=qof&topics=0%2fPrimary+care+servic
es&sort=Relevance&size=10&page=1#top 
13. 2011 Census, population estimates by single year of age and sex for local authorities in the 
United Kingdom.  2013  [cited 2013 12/12/2013]; Available from: 
http://www.ons.gov.uk/ons/publications/re-reference-tables.html?edition=tcm%3A77-294277 
14. Jordan R, Lam K-B, Cheng K, Miller M, Marsh J, Ayres J, Fitzmaurice D, Adab P. Case finding 
for chronic obstructive pulmonary disease: a model for optimizing a targeted approach. Thorax 
2010: 65: 492 - 498. 
15. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a multivariable 
prediction model for individual prognosis or diagnosis (TRIPOD): the TRIPOD Statement. BMC 
medicine 2015: 13: 1. 
16. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates A, Crapo R, Enright P, van 
der Grinten CPM, Gustafsson P, Jensen R, Johnson DC, MacIntyre N, McKay R, Navajas D, Pedersen 
OF, Pellegrino R, Viegi G, Wanger J. Standardisation of spirometry. European Respiratory Journal 
2005: 26(2): 319-338. 
17. Quanjer PH, Stanojevic S, Cole TJ, Baur X, Hall GL, Culver BH, Enright PL, Hankinson JL, Ip MS, 
Zheng J, Stocks J, Initiative ERSGLF. Multi-ethnic reference values for spirometry for the 3-95-yr age 
range: the global lung function 2012 equations. The European respiratory journal 2012: 40(6): 1324-
1343. 
18. Miller MR, Levy ML. Chronic obstructive pulmonary disease: missed diagnosis versus 
misdiagnosis, 2015. 
19. McLennan D, Barnes H, Noble M, Davies J, Garratt E, Dibben C. The English indices of 
deprivation 2010. In: Government DfCaL, ed., London, 2011. 
20. Collins GS, de Groot JA, Dutton S, Omar O, Shanyinde M, Tajar A, Voysey M, Wharton R, Yu 
LM, Moons KG, Altman DG. External validation of multivariable prediction models: a systematic 
review of methodological conduct and reporting. BMC Med Res Methodol 2014: 14: 40. 
21. Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number 
of events per variable in logistic regression analysis. J Clin Epidemiol 1996: 49(12): 1373-1379. 
22. White IR, Royston P, Wood AM. Multiple imputation using chained equations: Issues and 
guidance for practice. Stat Med 2011: 30(4): 377-399. 
23. Royston P, Altman DG. Approximating statistical functions by using fractional polynomial 
regression. Statistician 1997: 46(3): 411-422. 
24. Steyerberg EW, Eijkemans MJC, Habbema JDF. Application of shrinkage techniques in logistic 
regression analysis: a case study. Stat Neerl 2001: 55(1): 76-88. 
25. Efron B, Tibshirani R. Improvements on cross-validation: The .632+ bootstrap method. J Am 
Stat Assoc 1997: 92(438): 548-560. 
26 
 
26. Global Initiative for Chronic Obstructive Lung Disease: Global strategy for the diagnosis, 
managment, and prevention of chronic obstructive pulmonary disease Global Initiative for Chronic 
Obstructive Lung Disease; 2013. 
27. Fletcher C, Peto R. The natural history of chronic airflow obstruction. British medical journal 
1977: 1(6077): 1645-1648. 
28. Walters JA, Walters EH, Nelson M, Robinson A, Scott J, Turner P, Wood-Baker R. Factors 
associated with misdiagnosis of COPD in primary care. Prim Care Respir J 2011: 20(4): 396-402. 
29. Mapel DW, Frost J, Hurley JS, Petersen H, Roberts M, Marton JP, Shah H. An algorithm for 
the identification of undiagnosed COPD cases using administrative claims data. J Manag Care Pharm 
2006: 12(6): 458-465. 
30. Mapel DW, Petersen H, Roberts MH, Hurley JS, Frost FJ, Marton JP. Can Outpatient 
Pharmacy Data Identify Persons With Undiagnosed COPD? Am J Manag Care 2010: 16(7): 505-512. 
31. Smidth M, Sokolowski I, Kaersvang L, Vedsted P. Developing an algorithm to identify people 
with Chronic Obstructive Pulmonary Disease (COPD) using administrative data. Bmc Med Inform 
Decis 2012: 12. 
32. Haroon S, Jordan R, Takwoingi Y, Adab P. Diagnostic accuracy of screening tests for COPD: a 
systematic review and meta-analysis. BMJ open 2015: 5(10). 
33. Haroon SM, Jordan RE, O'Beirne-Elliman J, Adab P. Effectiveness of case finding strategies for 
COPD in primary care: a systematic review and meta-analysis. NPJ primary care respiratory medicine 
2015: 25: 15056. 
34. Tsukuya G, Samukawa T, Matsumoto K, Fukuyama S, Kumamoto T, Uchida A, Koriyama C, 
Ninomiya T, Inoue H. Comparison of the COPD Population Screener and International Primary Care 
Airway Group questionnaires in a general Japanese population: the Hisayama study. International 
journal of chronic obstructive pulmonary disease 2016: 11: 1903-1909. 
35. Vergouwe Y, Steyerberg EW, Eijkemans MJ, Habbema JD. Substantial effective sample sizes 
were required for external validation studies of predictive logistic regression models. J Clin Epidemiol 
2005: 58(5): 475-483. 
36. van Lieshout J, Goldfracht M, Campbell S, Ludt S, Wensing M. Primary care characteristics 
and population-orientated health care across Europe: an observational study. Br J Gen Pract 2011: 
61(582): e22-30. 
37. Ludwick DA, Doucette J. Adopting electronic medical records in primary care: lessons 
learned from health information systems implementation experience in seven countries. 
International journal of medical informatics 2009: 78(1): 22-31. 
38. Steyerberg EW, Moons KG, van der Windt DA, Hayden JA, Perel P, Schroter S, Riley RD, 
Hemingway H, Altman DG. Prognosis Research Strategy (PROGRESS) 3: prognostic model research. 
PLoS medicine 2013: 10(2): e1001381. 
 
